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GENERAL DISCUSSION 


It is customary to designate all chlorophylless seed-forming 
species which have no nutritive connection with other vascular 
plants as saprovhytes, or more exactly, holosaprophytes (allotropic 
or heterotropic forms according to Pfeffer’s classification), and 
others of similar physiological tendencies as hemisaprophytes 
(mixotropic forms), without regard to the nutritive unions formed 
by the roots or absorbing organs in mycorhizas, tubercles and 
other associations. It is obvious that the term saprophyte, or 
nolosaprophyte should be applied only to those species which de- 
rive their supply of food from organic products directly without the 
intervention of the activity of chlorophyll, and unaided by other 
organisms. In this sense, and it seems to the author to be the 
only meaning admissible, the holosaprophytes include numerous 
bacteria and fungi, but so far as present investigations show, only 
one seed-forming species, Wadllschlaegelia aphylla: Cephalanthera 
Oregana was erroneously grouped in this class in a previous 
publication. * 

* An abstract of this discussion of terms was read before the Society for Plant Phys- 
iology and Morphology, at New York, Dec. 28, 1898, and was published in American 


Naturalist, for March, 1899 (10). See also note on same in Science for Feb. 3, 1899, 
and Botanical Gazette for Feb. and Sept., 1899. 


[Issued October 16. ] (511) 











oes Se 














































512 MacDouGAL: SyMBIOSIS AND SAPROPHYTISM 


As a consequence of the above limitations all species furnished 
with mycorhizas, tubercles, or which enter into direct mechanical 
or nutritive associations must be classed as symbionts, or if it is de- 
sirable to maintain connection with existing literature dealing with 
these forms it would be permissible to refer to them as symbiotic 
saprophytes, although such designation must be regarded as ten- 
tative, and justified by expediency only (11). 

It is a matter of common knowledge that seedlings are holo- 
saprophytic in the stage in which they are wholly dependent upon 
the reserve material of the seed or fruit, and during the whole 
period previous to the formation of chlorophyll in general. This 
period is practically obliterated in those species in which chloro- 
phyll is formed in the seed. On the other hand, the development 
of this tendency has been twofold. The increase of the capacity 
for the absorption of organic products has played an important 
part in the reduction of certain seeds to their present minute form, 
and again the retention, or extension, of this capacity throughout 
a greater or less portion of the life of the sporophyte has resulted 
in varying stages of true saprophytism, complete in one species of 
the higher plants only. The duration of the holosaprophytic stage 
shows very wide variations in different species. In certain arums 
it extends over two years under natural conditions, and may be 
extended by cultural methods so that the seedling may not form 
chlorophyll until the third or perhaps even the fourth year of ex- 
istence, according to experiments now in progress. Only those 
species which show a marked capacity for the absorption and use 
of organic products during the greater part of the life of the sporo- 
phyte should be classed as hemisaprophytes. The hemisapro- 
phytes would consist chiefly. of the carnivorous plants. The 
greater majority of the species now included in this category are 
in fact more or less symbiotic by means of mycorhizas, tubercles 
or other nutritive associations. 

This paper describes an extension of the investigations detailed 
in a previous paper (11), and an effort has been made to determine 
whether such associations constitute a single physiological type, or 


whether several types of nutritive adjustment are presented. 
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CEPHALANTHERA OREGANA Reichenb. (13) 

A number of living specimens of this plant were examined in 
the field in Washington and Idaho in 1892, and alcoholic material 
from this region was obtained in 1899. Besides the notes and 
material thus obtained, the author has had the opportunity of in- 
specting herbarium material representing the entire known range 
of the species, from middle California northward into British 
Columbia, west of the main continental divide. 

The plant consists of an upright subterranean rhizome 5 to 40 
cm. in length, from the internodes of which arise the adventitious 
roots. The internodes are provided with short sheathing scales. 
The aérial stem is slender, waxy white, 20 to 50 cm. long, and 
bears short sheathing leaves which are wholly devoid of chloro- 
phyll. The flowers form a dense terminal raceme and perhaps 
agree with those of other members of the genus in being self-fer- 
tilizing (Plate 367, Fig. 1). 

The seedling has not been observed. The rhizome is peren- 
nial, and the stumps of two or three old aérial stems may be seen 
adhering to the most recently formed internodes. Although re- 
ported from open meadows by some collectors, the author has met 
it only in the deep humus of coniferous forests. Its deep penetra- 
tion of the loose substratum, which is generally woven together by 
the interlacing roots of neighboring trees, makes the collection of 
the entire plant very difficult and as a consequence the greater 
number of herbarium specimens are lacking the root system, and 
on none of these has the writer found the mycorhizal rootlets 
described below. 

Tue Roors 

The roots are wavy cylindrical organs 1.5 to 3 mm. in diam- 
eter, and from 5 to 12 cm. in length. One to four arise at each 
internode of the premorse rhizome, and penetrate the substratum 
at an angle of forty-five degrees with the horizontal. Mature 
organs have a yellowish-brown appearance due to the decay of the 
outer epidermal wall. A many-layered root-cap sheathes the tip 
for a distance of a millimeter, and shows a fairly normal structure. 
The epidermal cells are rectangular in surface section, with the 
radial walls separated to allow a slight outward convexity of the 
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outer surface, which may in some instances assume a papillose 
form, or may be extended to form typical root-hairs. The latter, 
and all of the epidermal elements, are rich in protoplasm. The 
outer walls of the epidermis are covered more or less thickly with 
crystals of calcium. The sub-epidermal layer is hardly differen- 
tiated, and consists of muriform elements rich in protoplasm, and 
devoid of reserve material. The cortex is composed of ovoid, 
cylindrical or globose cells, the outer and inner layers of which 
are composed of elements slightly smaller than those of the middle 
region. The middle and inner regions are heavily loaded with 
starch, especially in the older or basal portions, and the cells of 
the middle region show a tendency to elongation in the radius of 
the root. Raphide cells are indifferently distributed throughout 
the cortical tissues, but perhaps more abundantly in the outer 
layers. Two types of roots which do not differ greatly in outward 
aspect may be distinguished; a fibrous form, and a fleshy form 
about twice the diameter of the first. External to the endodermis 
the two are similar except in the amount of development of the 
cortex. In the development of the thicker storage organs, the 
central parenchyma becomes slightly lignified and sclerotized, the 
xylem bundles increase from six to seven or eight, the pericycle 
shows two or three layers underneath the endodermis, and this 
sheath is composed of slightly thickened and pitted elements with 
no special passage cells. The xylem and the endodermis become 
lignified (Plate 369, Fig. 2). In the development of the fibrous 
roots the xylem undergoes such centripetal development, and 
lateral fusion that it changes from a hexarch to a tetrach. The 
heavily lignified xylem and the weakly developed central paren- 
chyma form a four-rayed star, with the phloem lodged in the 
sinuses (Plate 369, Fig. 2). The endodermis is heavily thickened 
in the regions external to the phloem regions and consists of thin- 
walled passage cells opposite the xylem. The xylem shows great 
degeneration in both types of roots, and consists of scalariform 
vessels and elongated tracheids with transverse pits. The phloem 
exhibits no great deviation from the normal, and consists of narrow 
sieve tubes, companion cells and some parenchyma. A layer of 
elongated elements containing protoplasm and apparently adapted 
to the conduction of proteids lies immediately outside the phloem 
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proper. The two types of roots show a remarkable resemblance 
in stelar alterations to those of the two types in Waud/schlaegelia 
aphylla as described by Johow (7, p. 427), though not so distinctly 
separated by external characters. 

The older roots often assume a dark-brown color over certain 
regions 6-10 cm. in length, due to the presence of an ectotropic 
fungus, which forms a permanent mycelium in three or four of the 
outer layers of the cortex (see page 523). The hyphae are heavy 
walled and septate. The inner branches form large vesicles which 
occupy the greater part of the cells of the medio-cortex. The outer 
branches of the mycelium pass through the short root-hairs into 
the soil. The region inhabited by the fungus gives rise to a few 
rootlets which assume the form of lozenge shaped branches with 
a length not greater than 3 cm. These branches arise endogen- 
ously, are brownish to within a few millimeters of the tips and are 
furnished with a well developed root cap. The mycorhizal fun- 
gus advances toward the tips as in the branches of the Cora/- 
lorhisa, and the entire structure shows an arrangement generally 
similar to the coralloid branches of that plant. 

In the half dozen perfect specimens in the hands of the writer 
the branches arise only from regions inhabited by the fungus and 
it is conjectured that the presence of this organism may act as a 
stimulant in setting up such action. The fungus is found in por- 





Fic. 1. Mycorhizal portions of roots of Cephalanthera, 


tions of the root-system 50 to 60 cm. below the surface of the 
soil, and as these organs are very brittle, especially the mycorhizal 
portions they are generally broken off in collection. The absence 
of chlorophyll and mycorhizas from numerous specimens sent in 
by the most careful collectors led the writer to announce that the 
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species was a true saprophyte (11). Recently, however, Mr. O. 
D. Allen, of Ashford, Washington, by special request, dug up 
some entire specimens with the result that the mycorhizas were 
preserved, and are shown in Figure 1. 

This species is noted as a parasite in systematic texts, but the 
author has failed to find any direct evidence of its nutritive connec- 
tion with any other seed-forming species, either by his observa- 
tions or from the reports of collectors. 

The structural features of the roots agree with those of other 
mycorhizal forms in the reduction of the absorbing surfaces, the 
lack of spiral and annular vessels, the formation of tracheids with 
narrow transverse pits and the radial elongation of the mediocor- 
tical region. This last named feature has been supposed to be due 
to the influence of the fungus in mycorhizal roots, but Groom has 
shown that it may occur in portions of the root unoccupied by the 
symbiont. Its presence here, in portions of the root not occupied 
by the fungus, indicates that it is due to the necessities of absorp- 
tion and use of organic food perhaps rather than to the stimulation 
of the presence of a symbiotic organism. 


THe RHIZOME 

The rhizome is an upright stem, slightly compressed, with in- 
ternodes I to 2 cm. long, from the terminal internodes of which 
annually arise one or two flower scapes. 

The epidermis is composed of elongated muriform elements 
with the outer walls slightly convex. No transpiratory openings 
are to be found. The cortex is ten to fifteen layers in thickness, 
the cells are ovoid, cylindrical, pitted and separated by spare inter- 
cellular spaces. The starch stored here during the resting season 
is usually exhausted in the formation of the inflorescence. The 
pericycle is two or three layers in thickness, heavily sclerotized 
and lignified and is interrupted in places by thin-walled elements. 
The crowded xylem ring contains a large number of scalariform 
ducts, and some imperfectly differentiated spiral and annular ves- 
sels, all deeply lignified. The phloem consists of cambiform ele- 
ments with spare protoplasmic content. The interfascicular paren- 
chyma shows collenchymatous thickenings in places, and numbers 
of elongated conducting cells with unlignified walls are placed 
near the vessels (Plate 369, Fig. 4). 
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The rhizome exhibits no marked or general degeneration, unless 
the condition of the phloem could be interpreted in this manner. 
The xylem is amply developed for the conduction of the supply 
of water necessary for the aérial shoot, and the elongated elements 
near the vessels appear to be suitable for the transmission for pro- 
teinaceous compounds, a function served by certain cells immedi- 
ately internal to the endodermis in the root. The rhizome of 
Cephalanthera differs from similar members in symbiotic sapro- 
phytes in not being provided with organs for the excretion of water. 


THE INFLORESCENCE 

The flowering stem is composed of flattened internodes 2 to 5 
cm. long, bearing short sheathing leaves, and a terminal raceme 
of flowers. The epidermis is composed of flattened cylindrical 
elements with oblique ends, resembling tracheids in general form, 
and with the inner and radial walls dotted with numerous perfora- 
tions. Irregular masses, globules and networks of a yellowish 
brown substance are abundant in the epidermal and cortical cells 
of material preserved in alcohol. Ordinary chemical tests are 
without definite reaction, though Raspail’s reagent gave slight in- 
dication of proteids in these masses. The epidermis is totally 
devoid of transpiratory openings. 

The cortex is eight to twelve layers in thickness, and consists 
of elongated cylindrical elements with no intercellular spaces. It 
appears to serve as a tissue for the storage of water. Internal to 
the cortex is a sclerenchyma sheath, in the inner margin of which 
lies a circle of 32 to 40 bundles, and centrally placed is a second 
ring of six to eight bundles, which are fairly identical with those 
of the rhizome. Each bundle is enclosed in its own schleren- 
chyma sheath. The sheath and the xylem are heavily lignified. 
No marked degeneration is to be seen outside of the lack of chlo- 
rophyll, the transpiratory organs, and the intercellular spaces of 
the cortex. The heavy sclerenchyma sheath is a feature of the 
aérial stems of the symbiotic saprophytes. The xylem shows a 
very typical development. 


Tue LEAVES 


The leaves are reduced to sheathing bracts, and are destitute of 
chlorophyll, as shown by an examination of the alcoholic extract 
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with the micro-spectroscope. The free portion representing the 
lamina is I to 2cm. in length, and the outer dorsal surface is pro- 
vided with stomata, the guard cells of which are motile and con- 
tain starch (Plate 369, Fig. 5). The possibility that the guard 
cells may contain a small amount of chlorophyll is not excluded, 
though it could not be detected by ordinary tests in the specimens 
examined. The epidermis is composed of muriform cells with the 
outer walls convex and not cuticularized. The mesophyll consists 
of two layers of irregularly globoid elements rich in protoplasm, 
and separated by large air-spaces. <A third layer of thin-walled 
elements, cylindrical in form are to be found lateral to the simple 
fibrovascular bundles. This tissue is devoid of protoplasm and 
may serve for the storage of water. The sclerenchyma sheath is 
incomplete at the point of contact with this supposed storage tis- 
sue, thus permitting the ready passage of water between the xylem 
and the thin-walled cells. 

The degeneration of the leaf is seen to consist in the loss of 
chlorophyll, the lack of differentiation of the mesophyll, and the 
reduction of the surface. This degeneration has been accompanied 
by the development of a tissue for the storage of water, and by the 
retention of the stomata. Czefhalantherais to be added to the list 
of chlorophylless species furnished with motile stomata. 


GENERAL CONSIDERATIONS 

It is evident that the mycorhiza of Cephalanthera is to be con- 
sidered as adventitious or accidental in its occurrence. Ina large 
number of ectotropic forms the fungus gains entrance to the un- 
derground organ very early in its development, and then keeps 
pace with its growth. In this instance, however, it is found only 
in certain regions, and might be mistaken for a parasite were it not 
for its characteristic vesicles or organs of interchange. The com- 
paratively small area of the mycorhizal structures suggests that 
Cephalanthera is capable of absorbing largely from the humous 
products independently. 


CALYpso BULBOSA (L.) Oakes 
The author has called attention to the occurrence of adventi- 
tious mycorhiza in Ca/ypso(11), and cited Lundstrom’s description 
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of these formations, which have been found by him and others in 
Europe and America. Since that paper was sent to the press a 
shipment of plants has been received, which had been collected 
in northwestern United States, and a number of the specimens 
showed the coralloid mycorhiza. <A careful reéxamination has 
been made of these structures in the light of the generalizations 
drawn from previous material, and the results are presented below. 

The subterranean stem of Calypso consists of an ovoid taper- 
ing corm 1.5 to 2 cm. in length, comprising two or three inter- 
nodes. The single ovate, or ovate-cordate leaf is terminal, while 
the inflorescence arises from the first node below. The plant is 
reproduced vegetatively by a short offset of such reduced length 
that the new corm formed from its apical internodes stands upright 
in contact with the old corm (Plate 367, Fig. 6). The few short 
roots arising from the base of the corm are mycorhizal as de- 
scribed in the previous paper. 


STEM-MYCORHIZA 

The old or spent corms of the preceding season's activity may 
give rise to offsets from the basal internodes, and these may de- 
velop into coralloid structures by the repeated branching due to 
the development of all the buds, as in Aflectrum. The general 
anatomy of the coralloid formations is too nearly like that of the 
stem-mycorhizas of Af/ectrum to warrant description here. 

The fungus is seen to be a loose skein of hyphae in the three 
or four outer layers of the cortex passing outwardly through the 
thin-walled epidermal cells into the substratum, and do not, so far 
as observations go, traverse through the nodal trichomes. In this 
respect Calypso differs from other coralloid plants. Occasionally 
small globular or ovoid structures resembling sporangioles are to 
be found terminating the branches of the hyphae in the outer cor- 
tex. The three or four layers of the medio-cortex are filled with 
dense masses of interwoven hyphae. The hyphae form irregu- 
larly swollen branches upon entering the cells of this region, and 
one or two of these branches near the nucleus of the cortical cell 
expands into a vesicle, which in turn gives off a large number of 
branches nearly filling the cell. The hyphae are unseptate and 
have definite heavy walls. The form, irregular outlines and in- 
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definite membranes of the hyphae in the medio-cortex led Lund- 
strom to believe that the fungus was plasmodial in its earlier 
stages (9). This appearance is heightened by the adhesion of the 
cytoplasm of the cortical cell to the hyphae. The inner cortex is 
free from hyphae, and contains starch in abundance, especially in 
the apical region. Starch is also present in the outer cortex, but 
quickly disappears from the cells invaded by the hyphae. The 
nuclei of the outer cortical cells are nearly normal, but those of 
the medio-cortex, occupied by the fungus, are hyperchromatic, 
distorted, and in some instances undergo fragmentation, as in 
Peramium (11). The stele is not differentiated into xylem and 
phloem, and consists chiefly of cylindrical elements rich in pro- 
toplasm, not differing greatly from plerome. The endodermis 
cannot be made out. The fungus of the coralloid structure and 
that of the roots are quite similar, but their identity is not es- 
tablished. 

A comparison of the specimens which have come under inspec- 
tion makes it apparent that the tendency to form coralloid myco- 
rhizas may play as important a part in Calypso as in Aplectrum. 
The coralloid stems were small in some instances, and attached to 
the base of corms two years old, while in others their bulk was 
greater than that of the corm of the previous season to which they 
were attached. The extreme development was found in one 
specimen in which the coralloid structure was very large, and the 
old corm to which it was attached was shrunken to half its orig- 
inal size, but was still sound and normal (Plate 367, Fig. 8). A 
second offset had sprung from the node nearest the apex of the 
corm. This offset was about a centimeter in length and bore two 
roots at the first node while the three upper internodes had begun 
to swell in the formation of a new corm. The terminal portion 
bore a rounded cordate leaf and a flower bud. The members of 
this specimen named in order from the basal end were: stem- 
mycorhiza, spent corm, offset, roots, developing corm, flower bud 
and leaf. A comparison of the specimens at hand showed a fairly 
well established correspondence between variation in the outline of 
the leaf and the development of the stem-mycorhiza. Such varia- 
tion might be due to the increased capacity of the plants furnished 
with coralloid structures for the absorption of humus products. 
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The variation in the leaf is also accompanied by increase in the 
length of the offsets, the decrease of the capacity of the storage 
organs, and the diminution in the number of the roots. The coral- 
loid offsets of Ca/ypso have not been seen to give rise to new plants 
as in Aplectrum. 

The very great divergence of individuals from the type in leaf 
and flower characters in this species has been a subject of remark 
among systematists for many years, and Mr. Heller has recently 
raised one of the most pronounced forms to specific rank (4). 
Whether such variations of the shoot are directly correlated with 
the development of the mycorhizal structures or not can not be 
definitely stated. The matter may be determined only by the 
careful examination of specimens in the field throughout the habitat 
of the species. 

CORALLORHIZA ARIZONICA Wats. 
(No. 94 of collection of 1898 by MacDougal.) 


The general morphology, and occurrence of the fungus of the 
coralloid branches of Corallorhisa have been somewhat. fully de- 
scribed by Schacht, Irmisch, Reinke and others, chief attention 
having been paid to Coradlorhisa Corallorhiza (L.) Karst (C. innata). 
The results at. hand, however, were obtained quite early in the 
history of investigation upon this subject, and certain details now 
known to be of great interest were not touched upon in these 
earlier researches. It was deemed advisable, therefore, to make a 
reexamination of the mycorhizal structures of another representa- 
tive of the genus, with especial attention to the physiological rela- 
tions of the members of the symbiotic union. Jennings and 
Hanna (6) have recently published a short paper on C. éxnata in 
which it is stated that the symbiotic fungus is a ‘‘ hymenomycete 
and commonly an argaric.”” Clitocybe infundibuliformis Sch., was 
found attached to the coralloid formations in one instance, and 


” 


“ Hysterangium stoloniferum of Tulasne”’ in another in a manner 
indicative of the identity of these species with the symbiotic fungus. 

Corallorhisa Arisonica is a native of the upper part of the tran- 
sition zone and the Canadian zone in the Rocky Mountains. The 
subterranean portion of the plant consists of a dense mass of coral- 


loid stems which lie as deep as 20 cm. below the surface, and from 
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which extends upwardly a premorse rhizome 10 to 15 cm. in 
length. The thick aérial stem reaches a height of 15 to 25 cm., 
is sheathed by membranous leaves, and terminated by a strongly 
developed racemose inflorescence. The leaves and stem are irreg- 
ularly colored with blotches of reddish, purplish and brownish 
tints, and appear to be wholly free from chlorophyll. Specimens 
with rudimentary aérial stems and others in bloom were collected 
by the writer on Mormon mountain, and on the San Francisco 
mountain in Arizona in 1891 and 1898, and preserved in alcohol. 
The results described below are based upon this material. 


THE CORALLOID MYCORHIZA 

The mycorhiza of this plant is a dense mass of club-shaped 
branches arising from the upright underground rhizome, on which 
the true roots are to be seen as minute papillae. The germination 
of the seed has not been observed, and it is impossible to say 
whether the primary roots are developed or not, or at what stage 
the symbiotic fungus invades the offsets which constitute the coral- 
loid mass. Reinke figures a young plant, probably of the second 
year’s growth, in which the underground member consists of a 
coralloid stem only (14). The external anatomy and method of 
branching need no further description in this species. The rhizome 
attains a thickness of 4 to 6 mm., with internodes 2 to 4 mm. in 
length. 

The phloem consists of two or three layers of prosenchymatous 
cells with vellowish thickened walls and slimy contents, most 
nearly like companion cells. The phloem forms two crescents with 
the tips nearly touching with the 3 to 5 xylem bundles lying inter- 
nally, or the phloem may form a complete ring enclosing the 
xylem. The xylem consists almost entirely of scalariform vessels 
and one or two tracheids in which the perforations are oval and 
elongated obliquely. The central parenchyma is made up of short 
cylindrical cells often richly loaded with starch. The pericycle is 
present as one or two layers of cambiform cells, and the endo- 
dermis forms a sheath of flattened cylindrical elements. External 
to the stele is a cylinder of cortical tissue 10 to 15 layers in thick- 
ness composed of ovoid or globoid elements, with large intercel- 
lular spaces, and containing starch during the resting period. The 











ee  —————e 





MacDouGaL: SYMBIOSIS AND SAPROPHYTISM 523 


medio-cortex is 15 to 20 layers in thickness and is composed of 
cells with the radial diameter twice the axial. The outer cortex 
consists of 3 to 5 layers of very thin-walled elements with the 
tangential diameter greater than the radial. Both the medio- 
cortex and the outer cortex are provided with intercellular spaces. 
The epidermis is composed of flattened cells, irregular in outline, 
with the lateral and inner walls pitted and the outer wall slightly 
thickened and brownish in color. It is furnished with a large 
number of stomata, with the motile guard cells of crescentic form 
(Plate 368, Figs. 5 and 6) containing starch. These and the large in- 
tercellular spaces constitute a very efficient aérating system, and 
makes the coralloid structure independent of the aerial shoot in 
transpiration, and at the same time allows free access of atmos- 
pheric oxygen. The apices of the rudimentary sheathing leaves 
are soon converted into a number of blackish shreds and their 
bases persist as wedge-shaped rudiments with no distinct function. 
Clumps of large trichomes resembling root-hairs arise from papillae 
which are infra-axillary to the leaves. 

The fungus obtains access to the coralloid offset at quite an 
early stage of its existence and constantly grows toward the elon- 
gating apex forming convolutions of pale gray shining byphae 
with numerous septae in the outer cortex. The growth of the 
hyphae keeps pace with the offset in its slow growth, and they 
extend forward to the shoulder of the blunt tip of each branch, 
curving inward at this place toward the embryonic tissue. The 
hyphae in the outer cortex remain active even in old mycorhiza 
and may be designated as forming the permanent mycelium. The 
permanent mycelium is thus in the shape of a sub-epidermal cylin- 
der, and when new branches are formed the sheathing cylinder of 
the fungus is continued out in it. Branches from the apical por- 
tion of the permanent mycelium penetrate the medio-cortex while 
it is still in an undifferentiated condition, and these branches grow 
and ramify with the development of the cortical cells until the 
latter are almost filled with their dense convolutions. For some 
unknown reason the development of the hyphal branches is great- 
est immediately internal to the nodal trichomes in the medio- 
cortex. The hyphal branches are generally cylindrical but occa- 
sionally portions become swollen to twice the normal diameter, 
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but no enlargements constituting spurangioles, vesicles or other 
organs of interchange are to be seen. The cortex of the younger 
portions of the coralloid structures is filled with starch granules 
which are slowly corroded by the action of the developing hyphae. 
Cells in which the hyphae have made many convolutions still 
contain some starch, but it finally disappears. The hyphae in the 
medio-cortex a distance from the tip are yellowish and: collapsed, 
but no solid bodies are to be seen as a result of the liberation of 
their disintegration products in the cortical cells. The proto- 
plasm of the latter is well spent but normal, and the nuclei are 
normal and active. The permanent mycelium sends out external 
branches through the trichomes into the soil. The permanent 
mycelium is, therefore, in the form of a sheathing cylinder with 
numbers of branches opposite each other extending out into the 
substratum and into the cortex. It is to be pointed out in this con- 
nection that the numerous statements to the effect that the fungus 
gains access to the interior of the coralloid structure through 
the trichomes are obviously incorrect. Entrance to the offset in 
the initial stage of the formation of the coralloid branches is per- 
haps made in this way, but once inside the branch the permanent 
mycelium is found which keeps pace with growth of the cortex and 
sends branches outwardly through the trichomes. The continued 
and repeated entrance of the fungus through the trichomes is an 
assumption only, and is based on the necessities of the theory of 
mycorhizas as fungus traps rather than on the actual facts. 

The chemotropic reactions of the fungus as shown by its method 
of extension are of great interest. The permanent mycelium tra- 
verses the coralloid branches in the layers of cortical tissue first 
differentiated. The tips of the hyphal branches are attracted out 
through the trichomes, presumably by atmospheric oxygen, or by 
the humus products, which would increase in concentration from 
the base of the epidermal cells to the apices of the trichomes. The 
attraction of the branches into the medio-cortical cells must be due 
to a carbohydrate, rather than a nuclear product, since it is quite 
noticeable that all convolutions of the hyphae are made in regions 
of the cell some distance from the nucleus. The tip of a hypha 
may pass within its own diameter of the nucleus of the cortical 
cell with mutual indifference, and only in a small number of in- 
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stances does the presence of the fungus affect the nucleus. Ex- 
cretions from the hyphae cause some distortion of a few nuclei, 
which are also hyperchromatic. The hyphae may be traced around 
the cell in several circuits. Penetration of the wall and entrance 
into a neighboring cell is not made until the supply of starch is 
nearly exhausted, and the solution in the contiguous cell would 
form a stronger chemotropic stimulus. The portion of the hypha 
in the wall appears but half the normal diameter of the typical fila- 
ment, and is nearly colorless even in old formations. 
THE ASCENDING RHIZOME 

The ascending rhizome consists of four or five napiform seg- 
ments, each consisting of two or three internodes and representing 
one season’s growth. As each segment is formed it gives rise to 
an inflorescence from an apical node. Later in the season it forms 
offsets which reproduce the premorse rhizomes with their coral- 
loid branches. As a consequence of this mode of growth, a dozen 
plants may be found adherent in a colony, with the coralloid my- 
corhizas closely crowded in a huge clump. 

The epidermis of the rhizome consists of very irregular ele- 
ments, some of which contain starch at all times. Numerous 
hyathodes with a central oval or oblong central cell filled with a 
dense mass of yellowish brown secretion, surrounded by six or 
seven radially arranged elements are to be seen (Plate 368, Fig. 
4). The cortex shows a very copious development, consisting of 
ovoid or globoid elements with ample air-spaces, and embracing a 
large number of mucilage cells. This member is therefore fur- 
nished with a very efficient mechanism for the extrusion of water : 
an important provision in an organ devoted to the condensation 
of carbohydrates of soluble carbohydrates to starch, and this pro- 
cess may continue irrespective of the presence of the aérial shoot. 
The pericycle forms a dense heavy ring of 7 to 10 layers rich in 
proteids. The stele in general exhibits a degree of degeneration 
corresponding with that of the coralloid branches. Its parenchy- 
matous elements as well as the cortex are loaded with starch. 

THE INFLORESCENCE AXIS 

The epidermis consists of flattened cylindrical cells with oblique 

ends, are rich in protoplasm, and entirely devoid of stomatal open- 
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ings. The 10 to 15 layers of cortical tissues are furnished with 
very large intercellular spaces, which may denote an epidermal 
transpiration of some importance, though no special adaptation for 
this purpose could be detected. Crystal cells are scattered through- 
out the cortex and appear even in the epidermis. The pericycle 
is composed of several layers of elongated cells with thickened 
walls and yellowish brown contents. The bundles are scattered 
in the stele with the xylem and phloem radially arranged. Their 
degeneration is fairly uniform with that of the rhizome and its 
branches. The leaves are sheathing, destitute of stomata, and 
show no differentiation of tissue for food-formation, or transpira- 
tion, except that the globular parenchyma shows great intercellu- 
lar spaces. As noted above they are free from chlorophyll 
C. Arizonica differs from C. Coratlorhiza ( C. tnnata) in the formation 
of a bulky premorse rhizome furnished with stomata, the total lack 
of chlorophyll in the shoot, with absence of stomata, and in the 
greater degeneration of the stele. The differentiation of the fungal 
symbiont into a permanent mycelium with short-lived and external 
and internal branches seems to be a mycorhizal character described 
here for the first time, though it is present in C. Corallorhisa and 
other species. The hyphae in the coralloid formation of C. Co- 
rallorhisa, C. multiflora and others are applied to the nuclei in the 
cortical cell while in C. Arisonica this is not the case, indicating a 
difference of chemotropic reaction of the fungus in the two in- 


stances. 


RELATIONS OF THE MYCORHIZAL COMPONENTS 

The fungus in the coralloid formations of Cora//orhiza draws its 
nourishment from two sources ; from the humus products of the 
soil and from the carbohydrates in the cortex. The material thus 
obtained is used in the construction of extensions of the mycelium 
and its branches. With the growth and progression of the my- 
corhiza, the older internal branches of the mycelium which have 
formed dense masses in the medio-cortex undergo disintegration 
and the products thus liberated may be drawn in two directions : 
toward the apex of the mycorhiza and toward the premorse rhi- 
zome. On arrival at both places the surplus material is converted 
into starch. ‘The starch of the rhizome is used in the construc- 
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tion of the reproductive and other branches. The starch in the 
apex of the coralloid mycorhiza is used in the construction of em- 
bryonic tissue and a portion of it remains in the medio-cortex and 
becomes available to the fungus as a highly advantageous food. 

Janse and others have upheld the theory that endotropic my- 
corhizas are similar in physiological value to leguminous tuber- 
cles (11), but the only actual proof adduced in favor of this view 
is the evidence obtained by Nobbe and Hiltner from experiments 
with Podocarpus (12). That endotropic fungi may cooperate in 
the fixation of free nitrogen in the roots of plants in which they 
occupy only a portion of the absorbing system is readily ad- 
missible and may be considered as proven. Such an explanation 
is wholly inadequate to account for the arrangement of the my- 
corhizal components and transpiratory structures in Corallorhisa, 
however, on purely anatomical grounds. The underground mem- 
bers of this genus are furnished with a complete sub-epidermal 
sheath of mycelium, which fills every cell of the outer cortex in 
two or three layers, except a minute area at the tip of the coral- 
loid branch, and usually the 10 to 15 layers of the medio-cortex. 
It is obviously impossible for the Corallorhiza to absorb substances 
from the soil except through and by the agency of the fungus. 
The fungus may be capable of accomplishing the fixation of free 
nitrogen, but that it is not its sole, or its major function in the 
symbiosis, since all of the food-material of the association must 
pass through its hyphae ; a statement equally true of such forms 
of ectotropic mycorhiza as those of Pterespora, Monotropa, etc. 
The higher plant affords a lodgment for the fungus, from which it 
sends out absorbent and reproductive branches. Food-material 
taken in by the fungus is yielded to the higher plant and consti- 
tutes its sole supply. To this extent the higher plant is parasitic 
upon the fungus. But the higher plant accomplishes transforma- 
tions of chemical energy in the food thus obtained of which the 
fungus is incapable and yields the elaborated product in an ad- 
vantageous form in the apex of the mycorhiza, where it serves as 
a food for the advancing mycelium. The higher plant is, there- 
fore, not a fungus-trap pure and simple, as the association is of 
great mutual advantage. 

The principal conclusions which may be drawn from the facts 
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adduced in the foregoing paper may be briefly stated as follows: 

I. The term saprophyte should be applied to those species 
only which derive their food-supply from organic products, un- 
aided by chlorophyll, and without the intervention of other organ- 





isms. The true saprophytes therefore include numerous bacteria, 
fungi and but one seed-forming species—/Vudllschlaegelia aphylla. 
The saprophytic capacity of the seedling has been extended to 
cover periods of varying length in the life of the hemi-saprophytes 
and with symbiosis has reacted to diminish the tendency to store 
reserve material in seeds. 

II]. The degenerations of the true saprophytes are generally 
parallel to those of mycorhizal forms. 

III. Cephalanthera Oregana and Corallorhisa Arizonica are to 
be added to the list of chlorophylless plants furnished with stomata. 

IV. The offsets of Calypso are occasionally converted into 
coralloid mycorhizas as in Aflectrum. The stele of such structures 
is not differentiated into xylem and phloem. The occurrence of 
the coralloid mycorhiza is accompanied by variations in the form 
of the leaves, and of the decrease in the capacity of the storage 
organs in the specimens examined. 

V. Corallorhisa Arisonica exhibits greater development of the 
symbiotic adaptation than C. Corallorhisa. The stele is quite 
primitive throughout, chlorophyll is lacking, and stomata are pres- 
ent on the coralloid branches only. The epidermis of the pre 
morse rhizome is furnished with hyathodes. The aérial shoot 
is furnished with large intercellular spaces, but may carry 
on epidermal transpiration only. The fungus in the coral- 
loid structures consists of a permanent mycelium, with external 
and internal branches ; the former are organs of absorption and 
reproduction, the latter are organs of interchange between the 
members of the symbiosis. The higher plant affords lodgment 

‘ for the fungus and carries on chemical transformations the prod- 
ucts of which are available to the fungus. The latter absorbs 
and yields to the higher plant in a more or less complex form the 
products of the humous soil. 

VI. Allendotropic mycorhizas do not conform to a single phys- 
iological type. The theory of Janse that endotropic fungi are 
negatively chemotropic to oxygen, and bear the same relation to 
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the higher plant asthe organism of the leguminous tubercle, is not 
capable of general application. Such relation has been proven be- 
tween Podocarpus and the peronosporous fungus of its mycorhiza 
only. 

VII. Two types of endotropic mycorhizas may be distin- 
guished ; one adapted for nitrogen fixation, and a second for the 
absorption and modification—perhaps oxidation—of the soil prod- 
ucts before liberation in the tissues of the higher plant. The ex- 
tension of information will doubtless result in the further division 
of the second type. 
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Explanation of Plates 


PLATE 367. (1) Entire specimen of Cepha/anthera Oregana Reichenb: A, base 


5 


of aérial stem, (2) Premorse rhizome of Cora//orhiza Arizonica: A, terminal bud ; 
B, B, B, B, scars of preceding buds; C and J, offsets from which arise coralloid 
branches. (3, 4 and §) Coralloid branches of Coral/orhiza Arizonica. (6) Typical 


specimen of Calypso borealis: A, young corm; #, corm of previous season’s forma 


tion. (7) Aberrant specimen of Ca/yvfse: A, old corm with coralloid branch. (8) 
Widely aberrant form of Calypso > A, young corm; #, old corm with large coralloid 


branch, C. 


PLATE 368. Corallorhiza Arizonica Wats, (1) Longitudinal section of tip of old 
coralloid mycorhiza: a, a, epidermis; 4, 4, medio-cortex, containing disintegrating 
branches of fungus; ¢, stele; , #, permanent mycelium; ¢, ¢, branches ; ¢, leaf. 
(2) Portion of transverse section of mycorhiza : ¢, epidermis ; ¢, permanent mycelium; 
m, internal branches in medio-cortex ; f, inner cortex; 4, phloem; 0, xylem, (3) 
Cells from cortex: a, a, hyphae of permanent mycelium ; ¢, masses of hyphae in medio- 
cortical cells ; #7, 2, #, nuclei of cortical cells. (4) Hyathode from premorse rhizome. 
(5) Stomata from coralloid branch. (6) Section of epidermis of coralloid branch 
showing structure of stoma : ¢, ¢, epiderma! cells; @, guard cells; #, nucleus. (7) 
Transverse section of aérial stem: ¢, epidermis ; ¢, cortex; @, sclerenchyma sheath ; 
x, x, fibrovascular bundles. 

PLATE 369. Cephalanthera Oregana Reichenb, (1) Transverse section of stele 
of storage root: 7, medulla ; x, «, xylem; ¢, endodermis, (2) Transverse section of 
stele of fibrous root: v7, passage cells of endodermis ; ¢, thickened cells of endodermis 
outside of phloem; s, phloem; 2s, xylem; ¢, medulla. (3) Longitudinal section in 
stele ; 0, s, vessels ; #7, medulla ; 7, endodermis. (4) Portion of transverse section of 


rhizome : ¢, epidermis ; 4, cortex ; /, sclerenchyme sheath ; fibrovascular bundles 
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with heavy sheath ; 7, parenchyma. (5) Stoma from leaf, 














A Revision of the North American Species of Scleropodium 


By A. J, Grout 


SCLEROPODIUM Br. & Sch. Bry. Eur. 1853 


Closely allied to Brachythecium and included in it by some 
authors ; differing slightly in the general habit and in the julaceous 
branches with concave, often obtuse leaves; leaf cells very long 
and narrow, 10-20:1. Stem leaves abruptly and slenderly acu- 
minate in most species. Seta rough; capsule as in Brachythecium. 
All of our species are western. S. tlecebrum and S. caespitosum 
are also European. 


1. Leaves broadly ovate to suborbicular, without pointed apex or at most short-cuspi- 
date ; auricles distinct, consisting of plainly dilated cells; aquatic. 
S. obtu ifolium. 
Leaves ovate to lanceolate; stem leaves slenderly acuminate, without distinct 


auricles ; terrestrial. 2. 
2. Leaf cells 14-18: 1, differentiated basal and alar cells few. 3. 
Leaf cells 7-12: 1, differentiated basal and alar cells in several rows. 4: 


3- Branch leaves ovate-lanceolate to lanceolate, acute to acuminate ; capsules suberect 

and nearly symmetric. S. colpophyllum. 

Branch leaves ovate to oblong-ovate, obtuse to abruptly short-acuminate ; capsules 
horizontal and unsymmetric. S. tllecebrum. 


4. Branches slightly julaceous ; capsules suberect and nearly symmetric. 
S. caespitosum. 

Branches strongly julaceous ; capsules more arcuate and unsymmetric. 
S. apocladum., 

This genus is perhaps too near Brachythecium and one species 
referred to it by most authors (S. Ca/ifornicum) is most certainly 
a Brachythectum. The relationship with Lurhynchium is much 
more distant and Sullivant’s reference of S. colpophyllum to that 
species is hard to understand when one has a large series of plants 
for comparison. The relationship between S. co/pophyllum and S. 
caespitosum is so close that about half the specimens of the former 
in American herbaria have been referred to the latter. 

I am greatly indebted to the United States National Museum, 
Harvard University, The University of Wisconsin, and Mr. J. M. 
Holzinger for the loan of specimens. The work has been largely 
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done at the Herbarium of Columbia University and was made 
possible by the kindness of Prof. Underwood and Mrs. Britton. 


SCLEROPODIUM ILLECEBRUM (L. £.f.) Br. Sch. Bry. Eur. £/. 
557. 1853 

Muscus terrestris surculis kali geniculati aut illecebrae, acmulis 
etc. Vail. Botan. Paris 137, p/. 25.f.7. 1727. 

Hypnum ulecebrum L. p.p. Sp. Pl. 1129. 1753. 

Hypnum Touretu Brid. Sp. Musc. 2: 185. 1812. 

Hypnum illecebrum Schwaegr. Suppl. 1, part 2: 225. 1816. 

Hypnum blandum Lyell in Hook. & Tayl. Musc. Brit., Ed. 
2: 176. 1827. Suppl. p/. 5. 1827. 

Gametophyte in wide spreading mats, varying from dirty 
green to bright glossy green: stems 3-10 cm. long, creeping, 
irregularly divided, irregularly or often subpinnately branching, 
partially denuded of leaves in the older portions, sparingly radicu- 
lose, younger portions ascending and much like the branches: 
branches short, rarely reaching 1 cm. in length, julaceous, turgid, 
ascending to erect, more or less arcuate, usually obtuse : branch- 
leaves appressed imbricate when dry, erect open when moist, vary- 
ing greatly in shape ; those from the middle of the larger branches 
broadly ovate to oblong-ovate, 1.20.6 mm., abruptly narrowed 
to a short point, finely and sharply serrate above, sometimes nearly 
entire, very concave, slightly sulcate when dry, smooth when 
moist, not decurrent but half clasping, acumination of leaves 
often squarrose-spreading when dry; costa extending 34 the 
length of the leaf, sometimes ending in a dorsal spine ; median 
cells linear-vermicular, 0.005 mm. wide and 12-18 : 1, apical much 
shorter; basal subquadrate, colored and thicker walled; alar 
somewhat larger and less deeply colored ; leaves of the shorter 
branches and upper and lower leaves of the longer branches often 
lack the acumination and are obtuse or obtusely acute : stem leaves 
averaging larger, in robust plants reaching 2. 3 x I mm., gradually 
tapering to a longer acumination, nearly or quite entire, those of 
the younger stems scarcely to be distinguished from the branch 
leaves. Dioicous : perichaetial leaves oblong-lanceolate, gradually 
narrowed above to a slénder entire or subdenticulate acumination, 
faintly costate, acumination less slender than in S. caespitosum. 

Sporophyte 1-2 cm. high: seta greenish brown, becoming red 
brown with age, twisted to the right, very rough with large papillae : 
capsule a little lighter colored than the seta, horizontal, unsym- 
metric or arcuate, with operculum 2.5 mm. long, 2.5—3: I ; oper- 
culum long-conic, acute ; annulus of two rows of cells, easily de- 
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ciduous ; teeth united at base, nearly colorless and papillose above ; 
segments nearly as long as the teeth, finely papillose, from basal 
membrane equaling two fifths the length of the teeth; cilia 2, 
well developed, appendiculate ; spores nearly smooth, maturing in 
winter. 

Forma finnatifidum from California in the Gray Herbarium at 
Harvard is more slender and nearly regularly pinnate. 

Type locality, France near Paris. Type at Paris. 

On shady grassy soil and on shaded rocks. 

California, Idaho, Washington, British Columbia, Vancouver, 

ExsiccaTi: Sulliv. & Lesq. Musc. Bor.-Am., Ed. 2, 508. 

ILLusTRATIONS : Bry. Eur. f/. 557, Husnot, Musc. Gall. f/. 
95; Dixon & Jam. Handb. Brit. Mosses, f/. 53, G; Limpricht, 
Rab. Krypt. Fl. 4: 4 378. 

The robust habit, julaceous turgid branches, and thick unsym- 
metric horizontal capsules make this species easy to recognize when 
typical. It grades insensibly into S. odtusifolium and it is often 
very hard to say to which species certain forms should be referred. 


SCLEROPODIUM OBTUSIFOLIUM (Hook.) Kindb. Cat. Can. Pl. 6: 202. 
1892 


Hypnum obtusifolium Hook. Drumm. Musc. Am. no. 193. 

Hypnum arcticum var. Muell. Syn. 2: 432. 1851. 

Stereodon obtusifolius Mitt. Journ. Linn. Soc. 8: 42. 1865. 

Gametophyte submerged or nearly so, attached to stones in 
brooks, light green above, brown below: stems irregularly branch- 
ing, naked below and roughened by the leaf bases of the fallen 
leaves ; young stems and branches julaceous ; branches 5-20 mm. 
long: leaves close imbricate and appressed when dry, more open 
when moist, broadly ovate to suborbicular, very concave, spoon 
shaped, round-obtuse, without acumination or very shortly cuspi- 
date, 1.2 x I mm., not plicate or sulcate except under pressure, 
entire or faintly denticulate near apex ; costa stout, extending five 
sixths the length of the leaf; median leaf cells linear vermicular, 
0.05—9.065 mm. long, 8-10:1; apical cells broader and shorter, 
2-3: 1; alar cells rather abruptly enlarged to form distinct auricles, 
0.013 mm. long, 3: I. 

Type from rivulets in the Rocky Mts., Drummond. Type not 
seen, probably at Kew. 
Described from Drummond's Musc. Am. 193, which is sterile. 
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California, Nevada, Idaho, Montana, Washington, Oregon, 
British Columbia. 

Exsiccati : Macoun’s Canadian Musci 359 is very much larger 
and in every way more robust than the type, but has all of the 
distinctive microscopic characters. The same is true of Renauld 
and Cardot’s Musc. Sept. Exs. 111. Sullivant and Lesquereux, 
Musc. Bor.-Am., edition 2, no. 509 (A/ypuum ilecebrum var.), is 
fairly representative of the species and bears the mature sporophyte, 
which differs little from that of S. ¢/ecebrum. The capsule is a 
little shorter and there are sometimes as many as four strongly 
nodose cilia in the endostome : the seta is exceedingly rough with 
very high papillae : operculum short rostrate when dry. 

There can be no doubt that this should be regarded as a sub- 
species of S. t/ecebrum. The plants nearest the type are always 
submerged and nearly always sterile. A complete series can be 
traced from the typical form described above to typical S. /ecebrum. 
M. Cardot in Hedwigia 32 : 345. 1893, states that he has come 
to the conclusion that S. cdtusifolium is a water form of S. i/ece- 
érum and states that the latter varies greatly in the characters 
which separate the two species. He also states that he has found 
these variations in the same tuft. It seems probable, however, 
from what he says that he had at hand specimens of the more com- 
mon form of S. odtusifolium, which is more robust than the type 
or than S. d/ecebrum itself. Drummond's 193 is less robust than 
S. wlecebrum. 

M. Cardot also informs me that he and M. Renauld first sug- 
gested to Prof. Kindberg that //ypnum obtusifoliumisa Scleropodium. 
This fact Prof. Kindberg failed to acknowledge in his publications. 

Dr. M. A. Howe has collected specimens on moist, shady 
banks at Berkeley, California, June 28, 1894, that have the leaf 
characters of the typical form, except that the leaves are longer in 
proportion to their width. This goes to show that the submerged 
growth is not the cause of the inflated alar cells, shorter leaf cells 
and more concave leaves. 

In some cases the plants are flaccid with more distant, less 
closely appressed leaves constituting forma /axum. 

A form from Goldstream, Vancouver Island, Macoun, May 18, 
1887, has erect branches 3-4 cm. long, strongly curved at the 
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ends, bearing suborbicular, strongly secund leaves 2 mm. in length. 
For this I suggest the name var. homomallum. This variety is the 
extreme development of the robust form while the typical form is 
at the other extreme. 


Scleropodium apocladum ( Mitt.) 


Hypnum apocladum Mitt. Journ. Linn. Soc. 8: 35. 1865. 

Gametophyte in wide interwoven mats of medium thickness, 
light green above, dirty green below the surface, somewhat re- 
sembling Lurhynchium strigosum pravcox in appearance : stems 
creeping, I-4 cm. long, irregularly branching: branches often 
fascicled, simple or sparingly divided, 3-8 mm. in length, julaceous, 
attenuate : branch leaves appressed-imbricate when dry, those on 
the branches below the surface of the mat erect spreading, ovate, 
acute to short-acuminate, scarcely decurrent, slightly serrulate at 
apex, otherwise nearly entire in the type, other specimens finely ser- 
rulate nearly to the base, somewhat concave, not plicate or sulcate ; 
costa extending at least four fifths the length of the leaf, stout ; 
median cells linear-oblong, 7-9: 1 ; quadrate basal and alar cells 
very numerous ; apical cells broader and shorter ; the leaves near 
the apex of the branches narrower and more longly acuminate : 
leaves of creeping stems variable in shape, semiorbicular and 
abruptly short-acuminate to ovate and longer acuminate. _ Peri- 
chaetium 4.5 mm. long, the inner leaves long lanceolate, long and 
slenderly acuminate, slightly serrulate, some faintly costate (Mit- 
ten says ‘‘nerved to above middle’’). Sporophyte about 12 mm. 
high: seta red-brown, in the type plainly papillose with low dis-° 
tant papillae, in other specimens strongly roughened: capsule red- 
brown, about 2 mm. long, 3-4: 1; ‘* suberect, oval cylindrical,”’ 
in other specimens inclined to horizontal, unsymmetric ; operculum 
conic-apiculate ; annulus of two rows of cells; segments nearly 
as long as the teeth, split between the articulations; cilia two, 
strongly appendiculate ; spores smooth, 0.013 mm. 

A fragment of Mitten’s type from ‘‘ The Northwest Coast, 
Douglas’’ has been accessible, and a specimen from the United 
States National Museum collected at Pasadena, California, by Dr. 
Palmer, and determined as S. caespitosum has been carefully com- 
pared with this fragment. The two agree in all essential par- 
ticulars. The leaves of Dr. Palmer’s specimen are more acuminate 
and more serrulate, the seta is rougher and the capsule more un- 
symmetric and inclined, but these differences are no greater than 
frequently occur in individuals of the same species. The seta in 
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the type is much rougher than the original description would lead 
one to expect. 

The leaf cells are much shorter than in most species of the 
genus, but in all other particulars it seems closely related to the 
other species. 

Type in Mitten Herbarium. 


SCLEROPODIUM CAEsSPITOSUM (Wils.) Br. & Sch. Bry. Eur. p/. 556. 
1853 

Hypnum caespitosum Wils. English Bot. Suppl. f/. 2878. 1849. 
Also Bry. Brit. 344. p/. 55. 1851. 

Hypnum caespitans C. Muell. Syn. 2: 354. 1851. 

Eurhynchium colpophyllum flagelliforme Barnes, Bot. Gaz. 16: 
207. 1891. 

Gametophyte in rather thin loosely interwoven mats, light or 
dirty green: stems creeping, 5-10 cm. long, irregularly divided 
and branching ; branches usually longer and more slender than in 
S. illecebrum, tapering, sometimes julaceous, but less frequently so 
than in S. /ecebrum: branch leaves, from the middle of the branches. 
0.9-I X 0.3-0.4 mm., ovate to oblong-lanceolate, usually taper- 
ing and acute at apex but sometimes nearly as obtuse as in S, 
illecebrum, appressed and imbricate to erect-open when dry, con- 
cave, scarcely plicate when moist, not decurrent, finely serrate at 
apex ; median cells narrowly linear-vermicular, 8—12:1; quadrate 
basal cells in several rows, alar little differentiated from the other 
basal cells ; apical cells broader and shorter ; costa stout, frequently 
forked, extending three fourths the length of the leaf, often ending 
in a spine at the back of the leaf; stem leaves ovate to ovate-lafice- 
olate, slenderly acuminate, with a larger number of short basal and 
alar cells, alar cells somewhat enlarged at the decurrent angles. 
Dioicous ; inner perichaetial leaves loosely sheathing at base, grad- 
ually narrowed to a long subfiliform and suberect acumen, dis- 
tantly and slightly denticulate above or sometimes entire, faintly 
costate. 

Sporophyte 1o-15 mm. high: seta red-brown, twisted to the 
right, very rough: capsule light brownish-green, oblong cylindric, 
suberect, ey rand unsymmetric, with operculum 2-2.5 mm. long, 
about 2.5: 1; operculum conic-apiculate to conic-rostellate, often 
appearing s ons rostrate when dry ; annulus of two rows of cells, 
deciduous ; teeth of peristome slender, subhyaline and _ slightly 
papillose at apex ; segments nearly as long as the teeth, yellowish, 
more strongly papillose, from a wide basal membrane and widely 
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open between the articulations; cilia two, very strongly nodose ; 
spores rough, about .016 mm., maturing in winter. 

Type locality, Langford, near Warrenton, England. 

Growing on stumps and old logs, roots of trees and rocks. 
California, Washington, Oregon, Vancouver Island, Lake Atha- 
basca (Macoun), Alaska (Kellogg). 

ILLUSTRATIONS : See above ; also Dixon and Jameson, f/. 753, 
B ; Husnot, Muse. Gall. pl. 775. 

Exsiccati: As Hypnum caespitosum; Sull. & Lesq. Musc. 
Bor.-Am. 510; Macoun, Can. Musc. 290 (In part only. See under 
S. colpophyllum.) 

Sterile and robust S. caespitosum is hard to distinguish from S. 
wlecebrum. In general it is more slender, less frequently julaceous 
with closely imbricated leaves, with tapering branches and nar- 
rower more gradually tapering leaves having their median lea 
cells longer and rather narrower and the differéntiated basal cells 
more numerous. It also comes very close to slender forms of SS. 
colpophyllum. 

Sullivant and Lesquereux’s exsiccati (/. c.) do not agree very 
closely with Wilson’s Musc. Brit. 349, or with the plate in the 
Bryologia Europaea. The stem leaves are too abruptly acuminate 
with too shortanacumen. This isa variation in the direction of S. 
obtusifolium, but as these characters are variable according to Wil- 
son's own description, these specimens should probably be referred 
to a form of S. caespitosum. Dr. M. A. Howe has collected a 
moss on ‘ Redwood stumps, Mill Valley, Marin Co., California, 
January 16, 1892,” that agrees very closely with Wilson’s exsic- 
cati so that there can be no reasonable doubt of the identity of 
the European and American plant. 

I feel quite sure that //ypnum lentum Mitt. Journ. Linn. Soc. 
8: 36. 1865, is at least nothing more than a variety of. S. caespi- 
tosum, and probably is identical with it. .S. caespitosum was very 
little known at the time //ypnum lentum was published and a care- 
ful reading of the original description will fail to show any distinc- 
tions of importance between the two. The matter cannot. be 
definitely settled until Mitten’s type is accessible. 
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SCLEROPODIUM CAESPITOSUM SUBLAEVE R. & C. Bot. Gaz. 15: 61. 
1890 

‘‘Pedicel nearly smooth, slightly rough only below the cap- 

sule. Oregon, Suavies Island (Th. Howell).”” M. Cardot very 

kindly sent me a portion of this for examination. It agrees with 


the typical form except as noted above. 


Scleropodium colpophyllum (Sulliv.) 

Eurhynchium colpophyllum Sulliv. Icon. Musc. Suppl. 95. 
pl. 71. 1874. 

Brachythecium colpophyllum Kindb. Can. Rec. Sci. 1894: 73. 
1894. 

kurhynchium Macounii Kindb. Rev. Bryol. 22: 85. 1895. 

Gametophyte in wide, soft intricate mats, dirty green: stems 
creeping radiculose, about 5 cm. long, often stoloniferous, much 
elongated : branches numerous, erect, about 5 mm. long, terete- 
foliate, often julaceous: branch leaves closely imbricate when dry, 
erect-spreading when moist, not decurrent, oblong-lanceolate to 
broadly-ovate-lanceolate, 1.3-1.5 x 0.45—0.6 mm., acute or broadly 
acuminate, serrate above, very concave, scarcely plicate ; costa ex- 
tending four fifths length of leaf, ending in a spine on the underside ; 
median leaf-cells long linear, 14—18:1 ; basal somewhat shorter and 
broader ; a few of the alar cells quadrate : stem leaves triangular- 
ovate, long and slenderly acuminate, 1.3-1.8x 0.8 mm. _ Dioicous, 
perichaetial leaves with sheathing bases and loosely erect open 
points, oblong-ovate, slenderly acuminate, costate, nearly entire. 

Sporophyte about 15 mm. high: seta light brown, flexuous, 
twisted to the right, rough with rather distant conical papillae : 
capsule brown, oblong cylindric, suberect, more or less arcuate, 
with the operculum about 2 mm. long, 2.5—3:1 ; slightly con- 
stricted under the mouth when dry; operculum conic-rostrate ; 
annulus present, of two rows of cells, easily detachable ; seg- 
ments nearly as long as the teeth, widely split: cilia 2, strongly 
nodose or subappendiculate ; spores minutely roughened, 0.012- 
0.016 mm., maturing in autumn. 

Type locality, California, Bigelow. Type in the Gray Her- 
barium ; examined by the author. 

Not rare in California, but frequently confused with S. caespi- 
tosum ; Vancouver Island, Macoun; Alaska, Kellogg. 

ILLUSTRATIONS: Sulliv., 4 ¢. Evidently Sullivant did not 
figure any stem leaves as those on the type specimen are quite 
different from any in the figure in the Icones. 
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This species is much nearer slender-leaved forms of S. caespi- 
tosum than is generally recognized. It is distinguished from 5S. 
caespitosum by its narrower more slenderly acuminate branch leaves, 
which are more sharply serrate, with median cells longer and nar- 
rower, enlarged basal and alar cells much less numerous. In 
gross appearance the whole plant, and particularly the branches, is 
much longer. It is undoubtedly a derivative of S. caespitosum and 
intermediate forms are not very rare? 

Type specimens of var. fagelliforme Barnes have the shorter 
median cells and the more numerous differentiated basal cells of 
S. caespitosum and seem to me to belong to that species. The 
slender flagelliform branches are not rare in S. caespitosum. 

Scleropodium Macount: Kindb. was founded on Macoun’s Cana- 
dian Musci no. 290. According to the statement of Professor 
Macoun himself, this number is made up of two collections num- 
bered originally 33 and 212. I find that 33 in his herbarium is 
S. colpophyllum and 212 is S. caespitosum., Ihave examined sev- 
eral of Canadian Musci no. 290 and have found some to be 5S. 
caespitosum and others to be S. colpophyllum. This makes it rea- 
sonably sure that S. Jacounti is a synonym of S. colpophyllum. 
Kindberg states that S. J/acouni is “ monoecious.”’ In this I think 
he is mistaken, for a careful examination of one of the specimens 
of 290 which I referred to S. colpophyllum showed it to be dis- 
tinctly dioicous. The male plants were, however, so closely inter- 
twined with the female that at one time I made the same mistake, 
which was corrected later by a more critical study. Kindberg 
characterizes the branch leaves as “‘ obtusate.”” As I am uncertain 
as to the meaning of the term I do not feel sure whether it tallies 
with my conclusions or not. 


Scleropodium colpophyllum attenuatum var. nov. 

Stoloniferous, much more slender with more distant lcosely 
spreading leaves: leaves much narrower with a longer and more 
slender acumination : branch leaves varying from 1.7 x 0.54 mm. 
on the longer branches to I x 0.2 on the smaller. 

Type from perpendicular rocks, Victoria, Vancouver Id., May 
2, 1893, Macoun. 

Type in the herbarium of the Geological and Natural History 
Survey of Canada at Ottawa. 
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DovustruL AND LitrLE KNown SPECIES 
HypnuM LeNtuM Mitt. Journ. Linn. Soc. 8: 36. 1865 is 
undoubtedly a Scleropodium and I am confident that it is at most 
nothing but a variety of S. caespitosum. Vide notes under that 


species. 


ScLeropopium Krauser (Muell.) R. & C. Rev. Bryol. 20: Ig. 
1893. 

Hypnum Krauset Muell, Flora '70: 224. 1887. 

M. Jules Cardot very kindly obtained a portion of Miiller’s type 
of Hypnum Krauset from the Royal Botanical Museum, at Berlin, 
and sent it to me for examination. In his letter M. Cardot states 
that it seems to him to belong rather to Lamnodium than to Sclero- 
podium. 1 entirely agree with this view, for the general habit, the 
smooth seta, and the costa frequently short and double or forked 
point very strongly to a close relationship with Lemnodium. 


EXCLUDED SPECIES 

SCLEROPODIUM CALIFORNICUM (Lesq.) R. & C. Rev. Bryol. 
20: 20. 1893 is plainly a Brachythecitum and was so published 
by Jaeger and Sauerbeck, St. Gall. Nat. Gesell. 1877-78: 326. 
EURHYNCHIUM SUBCAESPITOSUM Kindb. Rev. Bryol. 22: 84. 
1895, which he puts in the subgenus Sc/eropodium in the original 
publication is nothing but a form of Brachythecium asperrimum 
according to specimens kindly communicated by Prof. Macoun. 











New Species from the Western United States 


By P. A, RYDBE:G 


Juncus Suksdorfii 

Stem about 3 dm. high, strict, light green, 2-3 mm. in diame- 
ter ; leaves terete or slightly flattened, distinctly septate ; the basal 
ones short ; stem leaves, except the upper ones, often 3 dm. long 
all with a conspicuous, scarious sheath ; heads in a contracted pan- 
icle, brown and shining, 5—8-flowered; bracts ovate, cuspidate- 
acuminate ; perianth segments subequal, about 4 mm. long, nar- 
rowly lanceolate, acute or acuminate ; stamens 6; anthers longer 
than the filaments; style long-exserted ; capsule dark brown and 
shining, oblong, acuminate, 3-angled. 

Dr. Watson has labeled this Juncus Nevadensis var., to which it 
may be nearest related if the structure of the flower is taken in 
consideration. It is different in habit, however, being much stouter, 
having more numerous and larger heads, and longer leaves. 

WASHINGTON : Falcon Valley, 1883, Suksdorf, 217; 1885, 680; 
Spangle, Spokane Co., 1884, 64 (all in Gray Herbarium). 


Allium Neo-Mexicanum 

Bulb oblong, membranaceous, crowning a more or less persis- 
tent rhizome ; coat membranaceous ; scape slender, terete ; leaves 
narrow, I-3 mm. wide, apparently almost flat, slightly keeled ; 
umbel 8—20-flowered, nodding ; involucre very small; perianth- 
segments oblong-ovate, acute, nearly white, without a distinct mid- 
vein ; stamens and style exserted ; capsule 6-crested. 

This resembles most A. cernuum, but differs in the fewer flow- 
ered umbel, the narrower perianth-segments, and in the thinner 
and narrower leaves, which are only slightly keeled. 

New Mexico :. Organ Mountains, 1894, £. O. Wooton; 1851-2, 
C. Wright, 1913. 

SoutH CoLorapo: 1861, C. C. Parry, 350. 

ArIzona: Tanners Cafion, 1892, Dr. 7. FE. Wilcox. 


Astragalus Cusickii 


Perennial from a creeping rootstock: stem about 5 dm. high, 
strigose, somewhat branched ; leaves pinnate of 6-9 pairs of linear 


( 541 ) 
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leaflets which are 2-3 cm. long and about 2 mm. wide, glabrous 
above and slightly strigose beneath ; raceme with a 1-2 dm. long 
peduncle, rather lax and few-flowered ; flowers almost sessile, about 
12 mm. long; calyx about 7 mm. long, strigose with dark hairs ; 
lobes short, lanceolate and unequal; c orolla yellow; pod with a 
stipe which is about 1 cm. long and curved upwards, upright, ob- 
long, obcordate in cross-section, with the dorsal suture strongly 
inflexed to about half-way to the ventral one, subcoriaceous, the 
body being about 2 cm. long. 

The specimens were named 4. arrectus Gray ?, to which species 
it has a superficial resemblance, differing in the pod, the struc- 
ture of which places it near A. Drummondu and A. scopulorum. 
From these it differs, however, in the short erect pod. It grows 
on dry hillsides. 

OreGoN: Malheur, 1885, I. C. Cusick, 1238 (Gray Herba- 
rium). 


Potentilla rosulata 


Glandular and viscid pubescent throughout ; caudex thick and 
lignose, topped with dense rosettes of leaves and short stems ; the 
latter, at least in the type specimens, less than 1 dm. high ; basal 
leaves 4—5 cm. long, long-petioled, vinnately 5-foliolate ; stem- 
leaves ternate, short-petioled, or the upper subsessile; lower 
stipules lanceolate and thin; the upper ovate and rather thick ; 
leaflets thick, densely viscid and glandular pubescent, broadly 
obovate, or the terminal orbicular, deeply crenate, or somewhat 
cleft, 7-10 mm. long; pedicels 5-15 mm. long; hypanthium 
about 5 mm. in diameter, densely viscid pubescent; bractlets 
ovate, about half as long as the broadly triangular ovate acute or 
acuminate sepals; petals small, oblong, whitish or light yellow, 
about as long as the bractlets; stamens between 30 and 40; 
anthers decidedly didymous; pistils 20-40; style filiform, at- 
tached near the apex of the ovary. 

This is nearest related to Potentilla saxosa Greene,* but differs 
in the less numerous leaflets of the basal leaves, the much thicker 
and less incised leaflets, the shorter and stouter stems, the smaller 


*In my monograph I transferred this species to Horkelia, on account of its close 
resemblance to //orkelia Baitleyi, but a study of better material in Mr. T, S. Bran- 
degee’s herbarium has persuaded me that I made a mistake. The species is a true 

otentilla. ‘There are three species, all belonging to the Poten¢i//eae, that are almost 
identical in the vegetative parts, but still must be placed in three different genera. 
These are: Potentilla saxosa Greene, HM rkelia Batleyi Wats,, and Purpusia saxosa 
Brandegee. 
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petals and the shorter hairs of the receptacle. It resembles also 
P. rivalis somewhat in habit and leaves, but it has a thick peren- 
nial caudex, much more numerous stamens and filiform style. 

CALIFORNIA: 29 Palms, Colorado Desert, 1898, A. H. Alver- 
son (type in the herbarium of 7. S. Brandegee). 


Horkelia chaetophora 


Caudex stout, covered with the remains of leaf-stalks and 
stipules from former years ; stems several, 1-1.5 dm. high, almost 
scapose, finely puberulent ; basal leaves numerous, about 1 dm. 
long, with 15-20 pairs of leaflets; their stipules broad, brown, 
obtuse, bristly ciliate ; leaflets 3-5 mm. long, divided to near the 
base into linear-oblong segments, densely puberulent and tipped 
with bristles ; cyme rather many-flowered and open ; hypanthium 
5-7 mm. in diameter, puberulent and hirsute ; bractlets linear-ob- 
long, one third shorter than the broadly lanceolate acute sepals ; 
petals yellow, oblong, about equaling the sepals; stamens 10; 
filaments filiform ; pistils about 20. 

This is intermediate between //. Utahensis and H. pygmaca. It 
resembles the former most in habit and flowers, but has the bristles 
and obtuse stipules characteristic to 1/7. pygmaea. From the latter 
it differs in the larger size of the plant and flower and the many- 
flowered and open cyme. It grows in rocky places in the moun- 
tains at an altitude of 3000-3400 m. 

CALIFORNIA : Farewell Gap and Little Kern River, Tulare Co., 
1896, C. A. Purpus, 1409 ; Keweah Peak, 1895 (both in the her- 
barium of T. S. Brandegee). 


Horkelia Congdonis 


Perennial with a woody caudex; stems erect, 3-4 dm. high, 
few-leaved, somewhat branched above, glandular puberulent ; basal 
leaves 1-1.5 dm. long, with 30-40 pairs of leaflets ; stem-leaves 
similar but smaller ; upper stipules deeply cleft ; leaflets 3-5 mm. 
long, cleft to the base into 4-5 oblong divisions, obtuse, glandular 
puberulent ; cyme with a few ascending branches and short-pedi- 
celed flowers; hypanthium campanulate, 7-8 mm. in diameter, 
glandular puberulent ; bractlets lanceolate, one half or two thirds 
the length of the lanceolate acuminate sepals ; sepals almost equal- 
ing the sepals, oblong, obtuse; stamens 20; filaments slightly 
dilated, subulate ; pistils numerous. 


This is nearest related to Horkelia purpurascens, but differs in the 
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taller habit, the more branched cyme, the more acuminate sepals, 
which in the type specimens are not reflexed, and the petals, which 
are not retuse or emarginate as in that species. 

CALIFORNIA: Casa Diabolo, 1895, /. Il. Congdon (type in the 
herbarium of T. S. Brandegee). 


Mertensia tubiflora 


Perennial ; stem 2-3 dm. high, glabrous striate, and somewhat 
angled, branched above ; basal leaves oblanceolate, short petioled; 
stem-leaves sessile, lanceolate to ovate, about 4 cm. long and 1-2 
cm. wide, glabrate, except the hispid ciliolate margins, muricate 
above, obtuse; panicle contracted; pedicels very slender and 
drooping, about 1 cm. long, strigulose; calyx slightly strigose, 
about 4 mm. long, cleft half-way into oblong-lanceolate acutish 
lobes ; corolla 13—15 mm. long ; tube about 10 mm. long and 3 mm. 
in diameter, more than twice as long as the limb; the latter cam- 
panulate with very short lobes ; nutlets very strongly muricate. 

This species combines the general habit of J7. danceolata with a 
corolla which is most like that of JZ. oblongifolia. 

Wyominc: Headwaters of the Tongue River, Big Horn 


Mountains, July, 1898, /. Zweedy, 779. 


Symphoricarpos Utahensis 


Symphoricarpos montanus Wats. King’s Exp. 5: 132 partly ; 
not H.B. K. 

Shrub a meter or more high, with brownish bark; leaves 
broadly ovate, more or less rounded at both ends, obtuse or often 
mucronate, often coarsely sinuately toothed, pubescent when 
young, glabrate in age, 3-4 cm. long and 2-3 cm. wide ; flowers 
in terminal one-sided, drooping short spikes, or with smaller 
clusters in the upper axils ; corolla somewhat funnelform, about 
8 mm. long. 

This resembles most S. racemosus in inflorescence and leaves, 
but differs in the form of the corolla. The inflorescence, the 
larger and less pubescent leaves and the size of the bush separate 
it from S. rotundifolius. 

Uran: Logan, August, 1895, P. A. Rydberg (Type); Wah- 
satch Mountain, 1869, S. Watson, 475, in part.* 

* Watson includes under this number not less than three distinct forms. Of these 


one belongs to this species, one from Virginia Mountain, Nevada, to S. oreophilus, and 
the third from the Uintahs to the next or an undescribed species. 
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Symphoricarpus Parishii 


Apparently rather tall shrub for the group; bark of the old 
stems gray, of the young twigs brown; leaves of older stems 
small, about 1.5 cm. long, narrowly oval, acutish at both ends, 
densely pubescent, more or less bluish green, rather thick ; those 
of the young shoots larger, about 3 cm. long, deeply 3-lobed and 
coarsely toothed; corolla elongated campanulate, 6-7 mm. long. 


This resembles mostly S. rotundifolius in pubescence and flow- 
ers, but is evidently a larger plant and the leaves are bluish green 
and acutish at both ends. It seems to be confined to Southern 
California. 

CALIFORNIA: San Bernardino Mountains, 1892, S. B. Parish, 


2514; 1894, 7024. 


Erigeron flabellifolius 


Perennial with a long slender creeping rootstock ; stem 1-2 
dm. high, few-leaved, glandular puberulent above; basal leaves 
petioled, about 3 cm. long, slightly glandular puberulent, cuneate- 
flabelliform in outline, deeply 3—5-cleft into cuneate 3-lobed divis- 
ions or the lower simply 5—g-lobed at the apex; stem-leaves 


cuneate or obovate, smaller, subsessile and less divided; heads 
about 10 mm. high and 10-15 mm. in diameter; bracts linear, 
acuminate, with more or less spreading tips, dark brown or purplish 
black, glandular puberulent ; rays 7-8 mm. long and 1.5-2 mm. 
wide, light pink or white. 

This is a member of the £. compositum group, easily distinguished 
from its relatives by the form of the leaves, which are never com- 
pound, but simply cleft two thirds their length or less. It is also 
characterized by the lack of hirsute pubescence generally found in 
that group. It grows in rocky slides at an altitude of 3600 m. 

Wyominc: Yount’s Peak, Teton Forest Reserve, August, 


1897, Tweedy, 536. 


Erigeron spathulifolius 


Perennial from an ascending rootstock; stems 5-8 cm. high, 
generally ascending, glabrous or slightly puberulent above, 3-5- 
leaved ; basal leaves about 2 cm. long, perfectly glabrous, some- 
what fleshy, broadly spatulate, tapering into a short petiole, entire- 
margined, obtuse or acutish; stem leaves 1-1.5 cm. long, linear- 
oblong or oblanceolate, sessile, obtuse; head solitary, 7-8 mm. 
high and 10-15 mm. in diameter, excluding the rays; bracts 
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linear-lanceolate, acute, black, slightly puberulent; rays light 
blue, in age white, about 8 mm. long and 2-3 mm. wide. 

In leaves and heads, this resembles most £. séwzf/ex Greene, but 
has a different root-system, is a much more glabrous plant and 
lack altogether the long villous hairs on the involucre character- 
istic of that species. On account of its root-system, it may be 
associated with £. wrsinus and £. radicatus, but lacks the hirsute 
pubescence of those species and has broader rays. The same char- 
acters, together with the single head and broad leaves, separate it 
from £. Eatonii, which also has somewhat the same habit. It is 
an alpine species growing at an altitude of 3000 m. or more. 

WyominG: Black Rock Creek, Teton Forest Reserve, August, 
1897, Tweedy, 543. 


Antennaria angustifolia 


Surculose-proliferous ; leaves of the stolons linear or linear- 
oblanceolate, about 1.5 cm. long, finely tomentose on both sides ; 
stem-leaves narrowly linear, erect, the uppermost subulate ; heads 
few in a subcapitate cluster, 4-5 mm. high; involucre campanu- 
late, tomentose at the base; bracts of the fertile head linear- 
oblong, acute, yellowish or brownish white. 

This is nearest related to A. parvifolia and A. microphylla, from 
which it differs in the subcapitate heads and the very narrow 
leaves. 

CALIFORNIA: Yosemite Valley, 1865, /. Zorrey (labeled A. 
stenophylla?); Hat Creek, J. S. Newberry (labeled A. /usuloides ; 
both in the Torrey Herbarium). 
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By A. A, HELLER 


Quamasia azurea sp. nov. 


Stems 3.5-4 dm. high from a deep-seated bulb, glabrous, 
sparingly leafy below: leaves about two thirds the length of the 
stem below the inflorescence, jinear, 4-6 mm. wide, acute, prom- 
inently nerved, somewhat glaucous beneath : flowers scattered, the 
internodes from 1-2 cm. apart; pedicels slender, but becoming 
slightly thicker in fruit, 1.5-2 cm. long: bract at the base of the 
pedicel about as long as the pedicel, bluish or straw-colored, 
chaffy, lanceolate, tapering into a long slender acumination, prom- 
inently veined: perianth bright blue, 2 cm. or slightly more in 
length, the segments persistent, about 4 mm. wide, 5-nerved: cap- 
sule 1.5 cm. high, 1 cm. broad, three-angled : seeds black, shining. 

Our no. 3933, collected near Montesano, Chehalis county, 
Washington, June 13, 1898, on grassy slopes. The type speci- 
men is in my private herbarium. 

This species differs considerably in habitat from Q. Quamash, 
which is usually found in places where there had been considerable 
moisture in early spring, while later in the season, the ground be- 
comes dry and baked. The flowers of Q. Quamash are less deli- 
cate, and are of a rich blue-purple color. 


Clematis Arizonica sp. nov. 

Stems 2-3 dm. high, sparingly branched near the base, pubes- 
cent, especially above, with scattered, wool-like hairs, red below, 
green above and strongly angled : leaves all at right angles to the 
stem, and leaf branches horizontal to the rachis, bipinnate, petioled, 
the petioles about 2 cm. long; leaf segments linear, very narrow, 
I mm. wide, the rachis and leaflets sparingly pubescent: flowers 
not seen: styles plumose, 2-3 cm. long, recurved, the plumes 
slightly tawny. 

Dr. D. T. MacDougal’s no. 343, collected “on rocky slopes 
of Walnut Cafion,” near Flagstaff, Arizona, July 25, 1898. The 
type specimen is deposited in the herbarium of the New York 
Botanical Garden. 

Related to the plant called Clematis Douglasii, but having an 
entirely different geographical range, and differing in the following 
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particulars from that species: It branches not from the root, but 
at a distance of 5 cm. or more above the root; in the rectangular 
instead of acute angled system of leaf branching ; shorter pedun- 
cles ; styles about one third shorter, with yellower plumes. 


Aragallus pinetorum sp. nov. 


Plant 3-4 dm. high, floccose or lanate throughout, especially 
at the base of the stems and in the inflorescence : stems multici- 
pital from a long stout deep-seated root, their bases clothed with 
thin woolly acuminate scales : leaves all radical, extending to the 
inflorescence, petioles about one third the length of the blade, 
dilated at base ; on fully developed leaves, the leaflets in 7-9 sub- 
opposite pairs, lanceolate or oblong-lanceolate, cuspidate, very 
shortly petiolulate, about 2 cm. long, 5 mm. wide, midvein promi- 
nent : bracts at base of the flowers lanceolate, acuminate, 7 or 8 
mm. long, chaffy in texture: calyx 1 cm. or slightly more in 
length, the lobes lanceolate, 2 mm. long, except the middle !ower 
one, which is often double the length of the others: flowers white, 
unspotted : pods ovate, when mature 2 cm. long, including the 
acuminate curved point: seeds pale brown, smooth. 

Our no. 3751, collected on gravelly hills thinly clothed with 
pine trees, at a point eleven miles southeast of Santa Fe, New 
Mexico, June 23, 1897. The type specimen is in my private her- 
barium. 

Specimens were distributed as “.Spresta albiffora Heller, n. sp.,” 
a short time before the fact was ascertained that Araga//us is the 
proper name for our American plants. Publication was deferred 
until an opportunity offered for further study of the group to 
which the species belongs. In the meantime, without having con- 
sulted me, Prof. Aven Nelson described “ Aragallus albiflorus,’’* 
basing his description upon a plant from Wyoming, but using the 
specific name applied by me to this New-Mexican plant, and cit- 
ing my number as a part of his species. A very cursory exami- 
nation of the two plants, shows them to be distinct. My plant is 
more nearly related to Aragallus collinus Aven Nelson, published 
in the same paper. 


Mertensia platyphylla sp. nov. 


Plant large but weak, 4-7 dm. high, branched above, the 
branches slender and spreading, glabrous : leaves all thin, light 


* Erythea 7:57. 1899. 
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green, papillately roughened on the upper side: root leaves 
usually about 3 dm. long, including the petiole of almost 2 dm., 
which is rough on the margin: blade broadly ovate, 6—10 cm. 
wide, abruptly acuminate, usually cordate at the base; lower stem 
leaves broadly ovate, abruptly acuminate, on margined petioles 
about 2 cm. long, the upper ones ovate-lanceolate, gradually 
acuminate, sessile or nearly so, contracted at the base: pedicels 
slender, 5-15 mm. long, pubescent with short appressed hairs ; 
calyx deeply parted, the divisions narrowly linear-lanceolate, 5—7 
mm. long, ciliate: corolla bright blue or turning to rose color, 
10-12 mm. long, campanulate in general shape, flaring widely 
above the insertion of the stamens, the tubular portion about 
3 mm. wide, while the width across the top is 5-8 mm; lobes 
1-2 mm. long, with broad sinus at base, acutish at the apex : sta- 
mens included, anthers oblong: style slightly exserted. 


Our no. 3872, collected June 3, 1898, in rich moist ground, 
near streams, at Montesano, Chehalis county, Washington. The 
type specimen is in my private herbarium. 

This well-marked species is readily distinguished from the 
eastern J. paniculata by its large, broadly ovate leaves, long calyx 
and large flowers. 


Mertensia Franciscana sp. nov. 


Stems 4-5 dm. high, smooth, branched above, the branches 
slender, sparingly pubescent with rough appressed hairs: leaves 
roughened with appressed hairs on the upper face and margins, 
the lowest ones ovate-lanceolate, bluntish, 6-7 cm. long, includ- 
ing the broadly margined petiole of about half that length, 15 
mm. wide, the others up to the branches lanceolate, acute, 6-8 cm. 
long, 15 mm. wide, with gradually shortening petioles ; those of the 
branches ovate-lanceolate, 3-5 cm. long, 1.5—2 cm. wide, sessile 
by a clasping base: inflorescence roughened with short appressed 
hairs ; pedicels slender, short, 2-4 mm. long ; calyx deeply parted, 
the divisions lanceolate, or when the flowers are closely clustered, 
oblong-lanceolate, 3 mm. long, 1 mm. wide ; corolla purplish-blue, 
almost tubular in shape, only slightly enlarged at the insertion of 
the stamens, 8 mm. long, 2 mm. wide below the stamens, 3 mm. 


above: stamens and style included. 
Dr. D. T. MacDougal’s no. 232, collected July 15, 1898, ‘in 
moist soil under conifers near Hart Spring, San Francisco Moun- 


tain,’ near Flagstaff, Arizona. The type is deposited in the Her- 


barium of the New York Botanical Garden. 
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This is one of the western plants commonly referred to either 
the eastern J7. paniculata or the far northern JZ. Siberica. 


Mertensia pratensis sp. nov. 


Stems usually several from a thick rootstock, 3-4 dm. high, 
leafy throughout, simple or nearly so, glabrous below the inflores- 
cence, light colored below: leaves thin, bright green, the radical 
ones 7—12 cm. long including the petiole, the blade oval, obtuse or 
acutish, 3-4.5 cm. long, 2 cm. wide: stem leaves lanceolate, 
shortly acuminate, all but the lowest sessile: inflorescence com- 
pact, pubescent with short appressed hairs, especially the margins 
of the calyx lobes: pedicels slender, usually very short: calyx 
3-4 mm. long, parted almost to the base, the divisions oblong or 
linear-lanceolate: corollas blue or pink, 17 mm. long, half of 
which length is tube, this 3 mm. wide, the upper dilated portion 6 
or 7 mm. wide, with short, broad rounded lobes. 

Our no. 3641, collected in a meadow in Santa Fe Cajon, nine 
miles east of Santa Fe, June 2, 1897. The type is in the herbarium 
of the New York Botanical Garden. 

It was growing on the banks of Santa Fé creek, in company 
with J/. /endleri, but is easily distinguished from that good species 
by its taller growth, weaker stems, thin leaves, much smaller 


calyx, and larger flowers. It was distributed by me as “‘ Mertensia 
Sibirica.”’ 


Mertensia MacDougalii sp. nov. 


Plant glabrous throughout, the upper part pruinose: stems 
stout, clustered from a thick rootstock, about 20 cm. high, stout, 
sparingly branched above, the branches very short; leaves glab- 
rous, thin-coriaceous, ovate, or some oval, ranging from 3—5 cm. 
in length, 1-2.5 cm. in width, the lower ones contracting into 
broad petioles, rounded at the apex, the upper ones sessile and 
more acute: inflorescence secund; peduncles short and stout, the 
longest only slightly over 1 cm. in length ; pedicels 5 mm. or less 
in length, rather stout : calyx broadly campanulate or cup-shaped, 
about 6 mm. high, and equally broad, the triangular-lanceolate 
lobes occupying two-thirds of the total length: corolla blue, 12 
mm. long, the tubular portion the length of the calyx, the upper 
portion slightly dilated, 4 mm. wide at the top; corolla lobes 
short, 1 mm. long, broad and rounded : stamens included, oblong : 
style persistent, included in flower, but apparently elongating in 
fruit. 


Dr. D. T. MacDougal’s no. 95, collected near Mormon Lake, 
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south of Flagstaff, Arizona, June 12, 1898, “‘in a meadow on the 
summit of Mormon mountain, near a small lake.’’ This seems to 
be a well-marked species, differing considerably from the other 
species which are low, and bear rounded thickish leaves. The 
type specimen is in the herbarium of the New York Botanical 
Garden. 
CREPIS ATRIBARBA Heller, Bull. Torr. Bot. Club, 26: 314. 1899. 
The specific name of this plant was by error spelled “ atra- 
darba”’ in the original publication, and should be corrected in the 
place cited above. 


Hymenopappus gloriosus sp. nov. 


Stems 2—2.5 dm. high, multicipital from a stout root, some- 
what floccose, evidently densely so when young: leaves basal, 
4-6 cm. long, petioles as long as the blade, or slightly longer, 
with woolly bases, the other parts densely gray tomentose or floc- 
cose, primary divisions 1 cm. long, usually 4-divided, the divi- 
sions linear, I mm. wide, the edges inrolled ; stem leaves reduced 
to two or three sessile bracts, the lower ones with several divi- 
sions: pedicels stout, 5 mm. long: heads 3 or 4, scattered, the 
lowest about 5 cm. from the uppermost, large, 1.5 cm. high, 
nearly 2 cm. broad ; bracts of the involucre obovate, or some of 
the smaller outer ones oblong, 8 mm. long, 4 mm. wide, broadly 
margined with crimson, the middle [portion green, tomentose : 
corollas bright yellow, 4 mm. high: achenes densely fringed with 
silky white hairs: pappus scales acute, slightly costate, a little 
longer than the width of the achene. 

No. 71, collected by Dr. D. T. MacDougal on ‘dry slopes 
on eastern side of Mormon mountain,” some distance south of 
Flagstaff, Arizona, June 7, 1898. The type specimen is preserved 
in the herbarium of the New York Botanical Garden. 

This handsome species is related to H/. /uteus Nutt., but is 
easily distinguished by the broader leaf segments, the larger heads 
with crimson-edged scales, and the bright yellow corollas. 


Hymenopappus obtusifolius sp. nov. 


Perennial or perhaps biennial; stems corymbosely branched 
from near the base, 3 dm. high, floccose: leaves all white-tomen- 
tose beneath, the upper sides greener, mostly basal, these 5-7 cm. 
long, the petioles equaling the blades, divisions in three or four 
pairs, 1.5 cm. long, 5 mm. wide, obovate-oblong, obtuse; stem 
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leaves few, scattered, sessile, gradually becoming smaller: until 
reduced to oblong simple bracts, all obtuse: heads several, cor- 
ymbose, I cm. broad; bracts of the involucre ovate-oblong, ob- 
tusish, 7 mm. long, 3-4 mm. wide, thin and scale-like, densely 
white tomentose : corollas dull yellow: achenes roughened on the 
margins: pappus scales very short, reduced to a mere fringe 
around the top of the achene. 

Dr. D. T. MacDougal’s no. 240, collected in “ Fort Valley, 
west of San Francisco mountain,” near Flagstaff, Arizona, July 
5, 1898. The type specimen is in the herbarium of the New 
York Botanical Garden. 

This excellent species is apparently related to H. Mesicanus. 


Senecio spatuliformis sp. nov. 


Stems about 3 dm. high, perennial, sparingly tufted: leaves 
nearly all basal, these 10-15 cm. long, spatulate or oblanceolate, 
slightly undulate-serrate, the apex blunt, or sometimes inclined to 
be acute, covered with a close floccose tomentum, except near the 
bases of the petioles; stem leaves very few, scattered, the lower 
ones mingled with the basal, and similar, those of the upper half 
sessile, linear, bract-like, midvein prominent and edges inrolled : 
heads ten or more in number, corymbose, large, 1 cm. high, nearly 
2 cm. broad with the rays spread, on slender pedicels, the lower of 
which are 5 cm. long: involucral scales 1 mm. wide, pale, with 
a darker line along the middle, margins scarious: rays showy, 
bright yellow, 1 cm. long, 2 mm. wide; achenes glabrous, pappus 
white. 

Our no. 4061, collected near Elma, Chehalis county, Wash- 
ington, July 19, 1898. The type specimen is in my private 
herbarium. 

It occurs sparingly in a dry meadow, or “ prairie,’ as such 
open places are called in that part of the State, where open, grassy 
land is the exception. Its relationship is with the Sexecio canus 


group. 


BEDFORD PARK, New YorK CITY. 

















Mrs. Arvilla J. Ellis 


Too often the ones who have ably assisted in carrying forward 
an important project are soon forgotten in the expressions of con- 
gratulation given to the man who leads the project. When the 
annals of botany are estimated with a just hand, the wives of 
botanists who have silently sacrificed in order that the husband’s 
work could be more successfully carried to the end, will receive 
their due reward. The instances are not infrequent, moreover, 
where silent sacrifice has been supplemented by material aid from 
the same sources. To one of these this page is inscribed. Arvilla 
J. Bacon, daughter of Timothy and Mary S. Bacon, was born 
at Potsdam, New York, February 8, 1831, was married to Job 
Bicknell Ellis at the same place in 1856, and died at Newfield, 
New Jersey, July 18, 1899. With her husband she removed to 
Newfield, New Jersey, in 1865, and in addition to assisting to 
build the home, and caring for the household in sickness and in 
health, she took in various kinds of work to assist in the family 
support. In this country of poorly supported botanical workers, 
such is the too common lot of the wives of working bot- 
anists. But she did more than this. Besides binding many of 
her husband's books and pamphlets, she prepared some three 
thousand blank books in which the North American Fungi were 
issued and in which the greater part of the Ellis collection was 
mounted. Besides this she arranged at least three fourths of the 
200,000 specimens which were issued in this series and in the 
Fungi Columbiani, folding papers, inserting specimens, pasting 
labels and inserting in their places. In the language of one who 
knew her best, the quiet spirit always acted on the principle, 
‘“‘ Whatever thy hand findeth to do, do with thy might.” It may 
justly be said that to her extended labor, none the less important 
and necessary because it was all what has so justly been charac- 
terized as “dead work,’ no less than to that of Mr. Ellis are 
American mycological students indebted for the valuable and ex- 
tended issues of exsiccati that for the past twenty years have 
issued from this quiet house. 
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